To evaluate the association between use of different oral antidiabetic agents (OAD) and the risk of community-acquired pneumonia (CAP) in patients with type-2 diabetes (T2DM).
Introduction
Community-acquired pneumonia (CAP) is one of the most common infectious diseases, with an incidence of 5-11 per 1000 adults per year and a hospital admission incidence of 1-4 per 1000 adults per year [5] . In Spain an incidence of 2.69 cases per 1000 person-years was observed in a study using the BIFAP database (Database for Pharmacoepidemiology Research in Primary Care) [6] . Along with influenza, CAP was the eighth leading cause of death in Spain in 2012 [7] . Moreover, patients with diabetes have an increased incidence of pneumonia, complications associated therewith, and mortality [5, 8] .
Oral antidiabetics act on different biological targets and some of these have been associated with immune system disorders, including an increase in the incidence of infections. Thiazolidinedione use was associated with a higher incidence of pneumonia in a meta-analysis of clinical trials, [RR = 1.40 (95% CI 1.08 to 1.82) P < 0.05; I 2 = 0%] [9] . 1 Also, an increase in the number of infections, mainly upper respiratory tract infections, has recently been associated with the use of dipeptidyl peptidase-4 inhibitors (DPP-4 inhibitors) [10] . A Cochrane review found a higher incidence of infections associated with sitagliptin in short-term clinical trials (<6 months). In the case of vildagliptin, a trend towards increased incidence of infections was observed, though statistical significance was not reached [11] . Large epidemiological databases can be useful tools to evaluate the association of specific treatments with the incidence of CAP, as shown in two case-control studies reporting an increase in the incidence of CAP associated with proton-pump inhibitors [12, 13] . Therefore, the aim of this study was to evaluate the association between the current use of different oral antidiabetic agents and the risk of CAP in a cohort of patients with type 2 diabetes identified from a large database including primary care health records in Spain. medical records of more than 5800 primary care physicians throughout Spain. It includes anonymized information on over 8 million patients, totalling over 46.2 million personyears of follow-up. BIFAP contains information about demographic data, medical diagnoses, clinical data and drug prescriptions [14] . Since 2002 a number of studies have been performed in order to validate the information included in BIFAP [15, 16] and the CAP incidence in this database has been reported previously [6] .
This project was approved by the Navarre Research Ethics Board, Pamplona, Spain. All data were anonymized and no written informed consent was necessary for this type of study according to the Spanish regulations [17] .
Participants

Study cohort
All patients older than 18 years with a diagnosis of type 2 diabetes mellitus (T2DM) or non-specified diabetes were selected according to the International Classification in Primary Care (ICPC) codes. Patients should have also initiated treatment with an oral antidiabetic drug (metformin, sulfonylureas, thiazolidinediones, alphaglucosidase inhibitors, meglitinides or dipeptidyl peptidase-4 inhibitors or their combinations) between 1 January 2002 and 31 December 2013 and have at least 1 year of follow-up in BIFAP before the entry date was required. Concomitant treatment with insulin was not an exclusion criterion.
Cohort entry was defined by the date of first oral antidiabetic drug prescription for patients aged 19 or older and who had been followed for at least 1 year in BIFAP. Patients with an oral antidiabetic drug prescription before 1 January 2002 or before the age of 18 were excluded. Patients with any history of cancer before start date (except non-melanoma skin cancer) were also excluded because they might have received treatments not recorded in the BIFAP database.
Patients were followed until the occurrence of one of the following end-points: pneumonia (potential case), cancer, death, loss to follow-up or end of study period (31 December 2013), whichever came first.
Selection of cases and controls
A nested case-control analysis was conducted in this cohort study. A nested case-control study refers to a case-control study conducted in a fully enumerated cohort, allowing the identification of all cases occurring in the cohort and the random sampling of controls, without risking selection bias. This is a more efficient approach than analysing the entire cohort [18] . Cases were defined as any subject of the cohort with a diagnosis of CAP. The International Classification of Primary Care (ICPC) is a classification of the most frequent health problems in primary care with limited granularity (~700 codes). The most common descriptors of each ICPC are indexed in BIFAP by adding a fourth digit to the ICPC code of reference (1, 12) or 'aspiration pneumonia' (R99.6), the record was assigned to the end-point 'non-community acquired pneumonia'. The corresponding truncated Spanish terms were used.
For each case, up to 10 controls without CAP by the time of the index date were matched on age (±1 year), sex and calendar year by risk set sampling. The date of CAP diagnosis served as the index date for cases and their matched controls.
Case validation
BIFAP is a computerized database gathering information provided by general practitioners and paediatricians working in the Spanish National Health Service. It includes diagnosis and medical tests among other information. Patients attended the hospital Emergency Service department and underwent chest radiography, the results of which are reported to the general practitioner, though the radiographic images are kept in the hospital. Patients diagnosed with CAP at the hospital level were included in our study. In order to avoid false positive diagnosis of CAP, we excluded patients diagnosed with CAP at primary care setting with no evidence of chest radiography in the clinical record, regardless of whether sign and symptoms were compatible with a diagnosis of CAP.
All potential cases were reviewed and validated by two different investigators using an extract from the database covering ±90 days around the pneumonia diagnosis date. Discrepancies were resolved by consensus between the two reviewers. During validation, investigators were blinded to the drug treatment.
Potential cases were considered valid if they fulfilled the following criteria: (1) CAP occurred after the first prescription of an oral antidiabetic drug (incident cases); (2) there was no cancer diagnosis prior to the pneumonia date and a noncommunity acquired origin was excluded; and (3) diagnosis was confirmed by means of any of the following criteria: it was made by a specialist or in a hospital or emergency department setting, there was a radiology record that confirmed diagnosis, there was a laboratory record that confirmed diagnosis (e.g. positive urinary antigen to Legionella pneumophila), or the specific anatomic site of pneumonia was registered.
Study size
Assuming a diabetes prevalence of 6% and an annual incidence of pneumonia of 1% during the 4 years of the study, it was expected that about 7200 cases would be obtained. According to prescription data of the Navarre Health Service in 2010 (unpublished internal data of the Navarre Health Service, Pamplona, Spain), 50% of patients used metformin, 20% sulfonylureas, 11% DPP-4 inhibitors, 9% meglitinides, 3% alpha-glucosidase inhibitors and 2% thiazolidinediones. It was estimated that, in the group with the lowest consumption of antidiabetics, at least 580 cases could be identified. This provides a statistical power greater than 90% to detect an increase/decrease in risk of 75% (OR = 1.75), assuming an alpha error of 5% and a prevalence of exposure of 5%.
Medication use and other covariates
Use of oral antidiabetic drugs [ATC codes: metformin (A10BA02, A10BD02, A10BD03, A10BD05, A10BD07, A10BD08, A10BD10, A10BD11), sulfonylureas (A10BB, A10BD02, A10BD04, A10BD06), alpha-glucosidase inhibitors (A10BF), thiazolidinediones (A10BG, A10BD03, A10BD04, A10BD05, A10BD06, A10BD09), dipeptidyl peptidase-4 inhibitors (A10BH, A10BD07, A10BD08, A10BD09, A10BD10, A10BD11), meglitinides (A10BX02 y A10BX03)] before the index date was obtained from the computerized database.
Individuals were classified as current vs. not current users for the oral antidiabetic treatment. Current use was considered when the last prescription ended <30 days from index date, which is the standard number of days of supply for most prescriptions in the primary care system in Spain.
Two different reference groups were used for the primary analysis: (1) When current users were treated with just one or no oral antidiabetic drug, then metformin was chosen as the reference; (2) When current users were treated with two or more oral antidiabetic drugs, then metformin plus a sulphonylurea was selected. Current users of oral antidiabetic drugs were also subdivided a priori into three categories taking into account the duration of these treatments: 1-30 days (reference group), 31-180 days and >180 days.
Information on comorbidities and use of other medications was obtained as potential confounders to adjust for in all statistical models. As relevant comorbidities, the following conditions were chosen (ICPC or ICPC-BIFAP codes): prior pneumonia (R81), chronic obstructive pulmonary disease (COPD) (R95), asthma (R96), alcohol abuse (P15), heart failure (K77), kidney disease (U59.01, U99), cirrhosis (D97), coronary artery disease (K74, K75, K76), stroke (K90, K91), dementia (P70), Parkinson's disease (N87), dysphagia (D21), AIDS (B90.01, B90.02), diabetic retinopathy (F83), nephropathy (T90.11, U88), diabetic neuropathy (T89.03, T90.12, N94) and any diabetes complication (T89.03, T90.11, T90.12, U88, N94, F83). Patients were considered exposed when there was a registered ICPC code before the index date.
Concomitant medications registered (ATC codes) were as follows: antibiotics (J01), antituberculosis drugs (J04A), antidementia drugs (N06D), antipsychotics (N05A), antiParkinson's disease drugs (N04A), inhaled corticosteroids (R03BA, R03AK06, R03AK07), systemic corticoids (H02A, H02B), immunosuppressive therapy (L04AA, L04AB, L04AC L04AD, L04AX), proton pump inhibitors (A02BC, M01AE52), insulins (A10A), GLP-1 agonists (A10BX04, A10BX07), opioids (N02A) and drugs for asthma or COPD (R03). Patients were considered exposed when the last prescription occurred <90 days from index date.
Other variables such as body mass index (BMI, last measure <2 years from index date, in kg m À2 ), smoking status (last measure before index date, classified as 'Yes/No/Past smoker') and time since diabetes diagnosis (years) were obtained from the database as well.
Statistical analyses
Descriptive statistics were used to summarize the baseline characteristics of cases and controls. Conditional logistic regression was used to estimate the odds ratios (ORs) and 95% confidence intervals (CIs) of CAP associated with current use of (1) Regarding medications, the model was adjusted for the time since first oral antidiabetic prescription, current antibiotic use (<90 days from index date), anti-dementia drugs, medications for Parkinson's disease, antipsychotics, asthma and COPD medications, inhaled or systemic corticosteroids, proton pumps inhibitors, insulin or opioids use at the index date. As comorbidities, the model was adjusted for alcohol abuse, asthma, dementia, dysphagia, stroke, coronary artery disease, COPD, heart failure, kidney disease, prior pneumonia (before cohort entry) and Parkinson's disease.
Due to their very low prevalence, the following covariates were not included in the model: tuberculostatic drugs, GLP-1 agonists, immunosupressive medications, cirrhosis, any diabetes complication, nephropathy, diabetic neurophaty, diabetic retinopathy and HIV/AIDS.
The effects of duration of oral antidiabetic treatment on the incidence of CAP were also evaluated as a secondary outcome. Duration of treatment was categorized as ≤30 days, 31-180 days or >180 days.
As a sensitivity analysis, the primary analysis was repeated defining current use of antidiabetic medication if the last prescription ended <90 days before index date (instead of <30 days for the main analysis). Also, the influence of concomitant antidiabetic drugs was post-hoc evaluated according to Faillie and colleagues [19] . Exposure to antidiabetic drugs was assessed at the index date and defined hierarchically according to the following six mutually exclusive categories: (i) current use of DPP-4 inhibitors or thiazolidinediones; (ii) current use of GLP-1 analogues such as exenatide or liraglutide; (iii) current use of insulin; (iv) current use of metformin and sulfonylurea; (v) current use of other oral antidiabetic agent; and (vi) no current use of an antidiabetic agent at index date. Another primary analysis was done excluding users of insulin.
Results
Participants
From a cohort of 76 009 patients diagnosed with type 2 diabetes, 2966 potentially eligible cases between 2002 and 2013 were identified. Of these, 1803 cases of CAP were validated. Of the remainder, 589 records were classified as non-cases and 574 lacked enough information to make a decision.
A total of 17 986 controls were matched to the confirmed 1803 cases from the cohort. Of these 1803 cases, 1774 were matched with 10 controls and for 29 cases the matching criteria were softened using larger intervals for age (± 5 years).
The mean age of cases (± SD) was 71.7 ± 12.4 years. Overall, cases had a higher prevalence of co-morbidities and drug use than controls, while the time since diabetes diagnosis and oral antidiabetic use was similar between cases and controls (Table 1) . 
Outcome data
The results of the primary analysis are shown in Table 2 . When comparing any antidiabetic agent in monotherapy with metformin, no difference in the incidence of CAP was observed after adjustment. Compared with current use of metformin plus sulfonylurea, the use of thiazolidinediones plus metformin was associated with an increased risk of CAP (adjusted OR 2.48, 95% CI 1.40-4.38). No other statistically significant differences between the other combinations were observed.
Sensitivity analyses
The results remained similar after using a broader definition of current use (<90 days since the end of last prescription) ( Table 3 ).
According to the post-hoc analysis, the use of any combination including thiazolidinediones was associated with a higher risk of CAP [OR 2.00 95% CI (1.22-3.28)] (Table 4) and also with any combination of meglitinides and other oral antidiabetic drugs [OR 1.47 95% CI (1.01-2.12)] (Table 5 ) vs. metformin plus sulfonylureas. No statistically significant differences were found when comparing the use of DPP-4 inhibitors (Table 6) .
No correlation between treatment duration and risk of CAP was observed when comparing the use of DPP-4 inhibitors, meglitinides or thiazolidinediones combined with other antidiabetic drugs vs. metformin plus sulfonylureas (Tables 7, 8 
Discussion
Key results
In our study, the incidence of CAP was 6.04 cases per 1000 person-years which is within the range observed in other studies [20] . The use of thiazolidinediones plus metformin vs. metformin plus sulfonylureas was associated with an increase in the risk of CAP. A higher risk of CAP was also found between the use of any combination of oral antidiabetic drugs plus thiazolidinediones vs. metformin plus sulfonylureas. This result is consistent in our different sensitivity analyses. This higher risk was also found in a meta-analysis [21] of randomized clinical trials in patients with pneumonia and lower respiratory tract infection (RR 1.40, 95% CI 1.08-1.82). No statistically significant differences in the incidence of CAP were observed between the use of thiazolinediones alone vs. metformin. However, Use of oral antidiabetic agents and risk of community-acquired pneumonia this could be due to the small size in the thiazolidinedione group (four cases only). Several mechanisms by which thiazolidinediones could increase the risk of pneumonia have been proposed [21] but uncertainty remains. Thiazolidinedione are peroxisome proliferator-activated receptor gamma (PPARγ) agonists. Activation of PPARγ has anti-inflammatory effects and reduces the function of immune cells [22] . These glucocorticoid-like effects in the respiratory tract could lead to an increased susceptibility to infection. In addition, thiazolidinediones are claimed to have proinflammatory actions in human macrophages through an off-target effect on PPARδ [23] . Based on that, additional studies are needed to clarify all these effects potentially linked to pneumonia and other infections.
The use of other treatments was not associated with an increased risk of CAP compared with the use of metformin + sulfonylureas. An association between DPP-4 inhibitors use and CAP was not found. This result is in line with a meta-analysis of randomized clinical trials that showed sitagliptin did not increase the risk of pneumonia [24] . Two observational studies carried out in the UK Clinical Practice Research Datalink (CPRD) found no association between the use of DPP-4 inhibitors and the risk of hospitalization from CAP [19] or pneumonia [25] .
Similarly, no association between the risk of CAP and the use of sulfonylureas, alpha-glucosidase inhibitors or meglitinides in monotherapy was found compared to metformin. No association was observed in the main analysis between the use of metformin combined with either alpha-glucosidase inhibitors or meglitinides compared to metformin + sulfonylureas. However, a post-hoc analysis including all types of combinations with meglitinides did not support this finding, showing a higher risk of CAP linked to these drugs.
A high proportion of patients did not have recorded antidiabetic treatment at the index date (24.9% of the cases). As a result, it was decided to undertake a sensitivity analysis considering current use as <90 days since the last prescription. The results were similar in all groups.
Some drugs, such as DPP-4 inhibitors or thiazolidinediones [5] , are used as a second or third line of treatment. In order to reduce potential confounding by indication, several comparisons were carried out. First, the effects of antidiabetic drugs in monotherapy was tested vs. metformin. Second, the main antidiabetic drugs in combination with metformin were compared to metformin + sulfonylureas (the most common combination treatment). And third, antidiabetic drugs in combination with any other oral hypoglicaemic drug were compared to metformin + sulfonylureas. The results were robust and indicated an increase in the risk of CAP associated with the use of thiazolidinediones and with no different risk with DPP-4.
As stated previously, results with meglitinides were particularly uncertain. There was a borderline increase in the risk of CAP in some comparisons but not in others. Moreover, results also changed when the definition of current use (as <90 days) was modified. Further studies are needed to clarify the association of meglitinides use with risk of CAP.
One of the inclusion criteria was 'current use of oral antidiabetic agents'. The first prescription date was used as the date for inclusion in the cohort. Previous use of insulin was not an exclusion criterion. Patients under treatment with metformin at index date were included in the metformin group. In order to assess the possible effects of insulin treatment, a sensitivity analysis was carried out following Faillie and colleagues [19] . Patients under treatment with insulin at index date were included in the insulin group.
In our opinion, the results are broadly generalizable to primary care patients with diabetes due to the communitywide coverage of the BIFAP database. Nursing home residents are underrepresented in the database and therefore it is unknown to what extent our conclusions can be applied to this population.
In a recent cohort study using a Danish nationwide population database [26] , patients who started treatment with sulfonylureas had a slightly higher risk of hospitalization for pneumonia compared to those who initiated treatment with metformin. This is in contrast with our results, though there are at least two aspects that could account for this difference. Firstly, in the Danish Table 1 , and time since first oral antidiabetic prescription study only cases of hospital-treated pneumonia were included, whereas all patients diagnosed with pneumonia were evaluated. Secondly, when assessing drug exposure, the current treatment was assessed in the present study, whereas in the Danish study patients were grouped according to their initial treatment. It is worth mentioning that as many as 60% of individuals on sulfonylureas switched to other antidiabetic drugs during the study.
Strengths
The strengths of this study include the use of a large population-based cohort with 1803 cases of CAP. The results were adjusted for more risk factors for CAP than usually described in the literature. This includes adjustment for 'time from first prescription of an oral hypoglicaemic agent', which is a relevant issue in diabetes [27] . CAP is a hard endpoint because it is associated with a significant increase in mortality and morbidity, and also has clear diagnostic criteria [28] . All cases were validated by two different researchers who were blinded to drug treatment. Conducting a case-control study nested within a well-defined cohort reduced the possibility of selection bias due to inappropriate selection of controls.
Limitations
The number of patients exposed to some antidiabetic drugs, like alpha-glucosidase inhibitors or thiazolidinediones in monotherapy was rather small. Therefore, our study was probably underpowered to detect small associations in those groups. Another aspect to be pointed out is that the results could not be adjusted by HbA1c levels, although it was adjusted for 'time since diabetes diagnosis' and 'time since first oral antidiabetic prescription'. Prescription data were used and no information about patients' adherence to treatment could be obtained. No relevant differences on this issue were expected among different groups of drugs. Also, some cases of pneumonia may be false positives (e.g., those identified exclusively by laboratory methods), but this misclassification is expected to be nondifferential by exposure. Finally, the high number of patients without recorded antidiabetic treatment at the index date could also be considered a limitation. This is probably related to weaknesses in health records, but following sensitivity analyses to assess its impact on our observations, we believe this could be considered minor.
Conclusions
In this population, no differences were observed in the incidence of CAP between the use of oral antidiabetic agents in monotherapy vs. metformin. In contrast, thiazolidinedione use in combination was associated with an increase in the risk of CAP when compared to metformin + sulfonylureas. The use of DPP-4 inhibitors or meglitinides in combination was not associated with an increased risk of CAP, remaining particularly uncertain because of the effect size imprecision.
